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By analyzing data samples of 2.9 fb−1 collected at
√
s = 3.773 GeV, 482 pb−1 collected at√
s = 4.009 GeV and 67 pb−1 collected at
√
s = 3.542, 3.554, 3.561, 3.600 and 3.650 GeV with the
BESIII detector at the BEPCII storage ring, we search for ψ(3770) and ψ(4040) decay to baryonic
final states, including ΛΛ¯π+π−, ΛΛ¯π0, ΛΛ¯η, Σ+Σ¯−, Σ0Σ¯0, Ξ−Ξ¯+ and Ξ0Ξ¯0 decays. None are
observed, and upper limits are set at the 90% confidence level.
PACS numbers: 13.25.Gv, 12.38.Qk, 14.40.Gx
I. INTRODUCTION
Above DD¯ threshold, there are several broad cc¯ res-
onance peaks, namely ψ(3770), ψ(4040), ψ(4160) and
ψ(4415). It is important to study the properties of
these excited JPC = 1−− charmonium states. The
ψ(3770) and ψ(4040) resonances decay quite abundantly
into open-charm final states. While charmless decays of
the ψ(3770) and ψ(4040) are possible, their branching
fractions are supposed to be highly suppressed.
Unexpectedly, the BES Collaboration measured the
branching fraction for ψ(3770) decay to non-DD¯ to be
(15 ± 5)% by utilizing varied methods [1–4] under the
hypothesis that only one simple ψ(3770) resonance ex-
ists in the center-of-mass energy region from 3.70 to 3.87
GeV. Meanwhile, the CLEO Collaboration obtained the
branching fraction B(ψ(3770) → non-DD¯) = (−3.3 ±
1.4+6.6
−4.8)%, which corresponds to B(ψ(3770) → non-
DD¯) < 9% at the 90% Confidence Level (C.L.) when con-
sidering only physical (positive) values [5]. The results
are obtained under the assumption that the interference
of the resonance decay, ψ(3686) → γ∗ → qq¯ → hadrons
with the continuum annihilation, γ∗ → qq¯ → hadrons,
is destructive at
√
s = 3.671 GeV and constructive at√
s = 3.773 GeV [6]. Since a large non-DD¯ component
conflicts with the theoretical prediction [7, 8], it is im-
portant to identify the non-DD¯ decays of the ψ(3770),
which will place the large non-DD¯ component on a solid
footing and shed light on the nature of the ψ(3770).
The BES Collaboration observed the first non-DD¯ de-
cay, ψ(3770) → π+π−J/ψ, with a branching fraction of
(0.34± 0.14± 0.09)% [9]. The CLEO Collaboration con-
firmed the same hadronic transition [10], and observed
other hadronic transitions π0π0J/ψ, ηJ/ψ [10], and ra-
3diative transitions γχcJ(J = 0, 1) [11, 12] to lower-lying
charmonium states, and the decay to light hadrons φη
[13]. While BES and CLEO have continued to search for
exclusive non-DD¯ decays of ψ(3770), the total non-DD¯
exclusive components are less than 2% [14], which moti-
vates the search for other exclusive non-DD¯ final states.
The ψ(4040) is generally considered to be the 33S1
charmonium state. Studies of its charmless decays are
also interesting, and there are fewer experimental mea-
surements of the branching fractions for ψ(4040) de-
cay. The BESIII Collaboration observed the first pro-
duction of e+e− → ηJ/ψ at √s = 4.009 GeV. Assum-
ing the ηJ/ψ signal is from a hadronic transition of the
ψ(4040), the fractional transition rate is determined to be
B(ψ(4040)→ ηJ/ψ) = (5.2± 0.5± 0.2± 0.5)× 10−3 [15].
Searching for other exclusive non-DD¯ decays of ψ(4040)
is also urgently needed.
Since D mesons are not sufficiently massive to decay
to baryon pairs, modes with baryons would be unam-
biguous evidence for non-DD¯ decays of ψ(3770). Fur-
ther, no searches for baryonic decays of ψ(4040) exist.
In this article, we report results of searches for bary-
onic decays of ψ(3770) and ψ(4040), including final states
with baryon pairs (Σ+Σ¯−, Σ0Σ¯0, Ξ−Ξ¯+, Ξ0Ξ¯0) and other
BB¯X modes (ΛΛ¯π+π−, ΛΛ¯π0, ΛΛ¯η).
II. EXPERIMENT AND DATA SAMPLES
The data samples used in this analysis were collected
at the ψ(3770) resonance (
√
s = 3.773 GeV), the ψ(4040)
resonance (
√
s = 4.009 GeV) and the surrounding con-
tinuum (
√
s = 3.542, 3.554, 3.561, 3.600 and 3.650
GeV), in e+e− collisions produced by the Beijing Elec-
tron Positron Collider II (BEPCII) and acquired with
the BESIII detector. BESIII/BEPCII [16] is the major
upgrade of BESII/BEPC [17] for study of hadron spec-
troscopy and τ -charm physics [18]. BEPCII is a double-
ring e+e− collider designed for a peak luminosity of 1033
cm−2s−1 at a beam current of 0.93 A at the ψ(3770)
peak. The BESIII detector with a solid angle coverage
of 93% of 4π consists of the following components: (1)
A small cell, helium-based main drift chamber (MDC)
with 43 layers, providing an average single wire resolu-
tion of 135 µm, a dE/dx resolution that is better than
6%, and a momentum resolution of 0.5% for 1 GeV/c
charged particles in the 1.0 Tesla magnetic field; (2) An
Electro-Magnetic Calorimeter (EMC) consisting of 6240
CsI(Tl) crystals arranged in a cylindrical structure (bar-
rel) and two end caps. The energy resolution for photons
with an energy of 1.0 GeV is 2.5% (5.0%) in the barrel
(end caps), and the position resolution is 6 mm (9 mm)
in the barrel (end caps); (3) A Time-of-Flight (TOF)
system for particle identification (PID) composed of two
layers (one layer) of scintillator with time resolution of
80 ps (110 ps) in the barrel (end caps), corresponding to
a K/π separation by more than 2σ for momenta below
about 1 GeV/c; (4) These components are all enclosed
in a superconducting solenoidal magnet providing a 1.0
Tesla magnetic field. (5) A muon chamber system (MUC)
consisting of 1000 m2 of resistive plate chambers (RPC)
arranged in 9 layers in the barrel and 8 layers in the end
caps with spatial resolution of 2 cm.
The integrated luminosity (L) of the data sets is mea-
sured by using large angle bhabha scatter events. The
data sets for this analysis consist of L = 2.9 fb−1 of
e+e− annihilation data collected at the center-of-mass
energy of 3.773 GeV, the peak of the ψ(3770) resonance,
482 pb−1 data taken at the center-of-mass energy of 4.009
GeV, near the peak of the ψ(4040) resonance and contin-
uum data, which is used to determine the non-resonant
continuum background subtraction, consisting of 23 pb−1
taken at center-of-mass energies of 3.542, 3.554, 3.561,
3.600 GeV and 44 pb−1 taken at the center-of-mass en-
ergy of 3.650 GeV.
The evaluation of detection efficiency, the optimization
of the event selection and the estimation of physics back-
grounds are achieved with simulated Monte Carlo (MC)
samples. A GEANT4-based detector simulation software
BOOST [19] includes the geometric and material descrip-
tion of the BESIII detectors, the detector response, the
digitization models, as well as the tracking of the detector
running conditions and performances. Signal MC sam-
ples of ψ(3770) and ψ(4040) decay to baryonic final states
containing 50 000 events for each channel at
√
s = 3.773
and 4.009 GeV are simulated by using the generator of
KKMC [20], which includes initial state radiation (ISR).
For the study of ψ(3770) decay backgrounds, MC sam-
ples of e+e− → γISRJ/ψ, γISRψ(3686) equivalent to 1.5
times that of the data, and e+e− → ψ(3770)→ DD¯ and
non-DD¯ already measured experimentally [14] equiva-
lent to 5.0 times that of the data are generated. For
the study of ψ(4040) decay backgrounds, about 1 fb−1
inclusive ISR MC samples (mainly e+e− → γISRJ/ψ,
γISRψ(3686) and γISRψ(3770)) and ψ(4040) direct de-
cays (mainly open charm, hadronic and radiative transi-
tion production) equivalent to 2.1 times that of the data
are generated. A scale factor fco, which is used to nor-
malize the continuum products to ψ(3770)/ψ(4040) data,
is determined by the integrated luminosities of the data
sets corrected for an assumed 1/s dependence of the cross
section. We also account for the small difference in ef-
ficiency between the ψ(3770)/ψ(4040) data and contin-
uum data. Therefore, MC samples of e+e− → baryonic
final states containing 50 000 events for each mode at√
s = 3.773, 4.009, 3.542, 3.554, 3.561, 3.600 and 3.650
GeV are also generated. The known decay modes of the
charmonium states are produced by EVTGEN [21] with
branching fractions being set to world average values [14]
and the unknown ones by LUNDCHARM [22].
4III. EVENT SELECTION
The analysis approach and selection criteria are as fol-
lows. Normal requirements are used to select charged
particles reconstructed in the tracking system and pho-
ton candidates reconstructed in the electro-magnetic
calorimeter (EMC). Charged tracks in BESIII are recon-
structed from the main drift chamber (MDC) hits with
good helix fits, which satisfy |cosθ| < 0.93, where θ is the
polar angle with respect to e+ direction. The charged
tracks used in reconstructing Λ, Σ+, Σ0, Ξ− and Ξ0
decays are not required to satisfy a primary vertex re-
quirement. Particle identification is used for each charged
particle candidate. We use the combined energy loss in
the drift chamber (dE/dx) and time-of-flight (TOF) in-
formation to compute the particle identification (PID)
confidence levels (CLπ,K,p) for the hypotheses that the
charged track is a π, K or p. We assign the track to
be the π with the requirement of CLπ > CLK , or to be
the p with the requirement of CLp > 0.001, CLp > CLπ
and CLp > CLK . We require tracks of proton and anti-
proton to have transverse momenta pxy > 300 MeV/c
due to differences in the detection efficiencies between
data and Monte Carlo simulation for low-momentum pro-
tons and anti-protons.
Electromagnetic showers are reconstructed from clus-
ters of energy deposits in the EMC. Efficiency and en-
ergy resolution are improved by adding the energy de-
posits in nearby TOF counters. Good photon candi-
dates are required to satisfy that a shower with an en-
ergy deposited in the barrel region (|cosθ| < 0.8) is at
least 25 MeV, or at least 50 MeV in the end caps region
(0.86 < |cosθ| < 0.92). To suppress showers generated by
charged particles, the angle between the photon and the
closest charged track is required to be greater than 10◦.
Requirements on the EMC cluster hit timing are used to
suppress electronic noise and energy deposits unrelated
to the event.
We identify intermediate states through the following
decays: Λ → pπ−, π0 → γγ, η → γγ, Σ+ → pπ0 (π0 →
γγ), Σ0 → Λγ (Λ → pπ−), Ξ− → Λπ− (Λ → pπ−),
Ξ0 → Λπ0 (π0 → γγ, Λ→ pπ−). For Λ→ pπ−, a vertex
fit of p and π− trajectories to a common vertex separated
from the e+e− interaction point is made. To eliminate
random pπ− combinations, the secondary vertex fit al-
gorithm is applied to impose the kinematic constraint
between the production and decay vertex with the run-
by-run averaged interaction point and the fitted p and
π− vertex information. For baryon pair modes (Σ0Σ¯0,
Ξ−Ξ¯+, Ξ0Ξ¯0), we only employ a vertex fit of p and π−
to reconstruct Λ. A loose requirement for the invariant
mass of pπ− to be in the range |M(pπ−) −M(Λ)| < 40
MeV/c2 is used for all the modes containing Λ in order
to improve the efficiency, whereM(Λ) is the known mass
of Λ [14]. For Ξ− → Λπ−, a vertex fit of Λ and π− to a
common vertex is also made.
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FIG. 1: Invariant mass distributions for intermediate states
in units of GeV/c2. Pairs of arrows indicate the signal region.
Solid histogram: data at
√
s = 3.773 GeV, dashed histogram:
signal MC, arbitrary normalization. (a) Λ → pπ−, (b) π0 →
γγ and η → γγ with log scale, (c) Σ+ → pπ0 (π0 → γγ), (d)
Σ0 → Λγ (Λ → pπ−), (e) Ξ− → Λπ− (Λ → pπ−), and (f)
Ξ0 → Λπ0 (π0 → γγ, Λ → pπ−).
For each mode, the reconstructed events passing the
above selection criteria are subjected to a four constraint
(4-C) kinematic fit to make use of momentum and energy
conservation between the initial state (e+e− beams) and
the final states. The charged or neutral tracks compris-
ing these events each have several combinations to pass
through the four constraint kinematic fit, and only the
combination with the smallest χ24−C , the χ
2 of the 4-C
kinematic fit, is retained for further study. We require
χ24−C < 60 in order to suppress the backgrounds and
improve the signal-to-background ratio.
For the final states with two π0s, because there ex-
ist several combinations for four γs to form the two π0s,
the candidate events with the minimum R(π0), where
R(π0) =
√
(M(γγ)1 −M(π0))2 + (M(γγ)2 −M(π0))2,
are selected for further analysis. Here, M(π0)
is the known mass of π0 [14]. For the baryon
pair modes Σ+Σ¯−, Σ0Σ¯0 and Ξ0Ξ¯0, since they are
formed by states of pp¯π0π0, ΛΛ¯γγ and ΛΛ¯π0π0, there
are also multiple solutions to make up the baryon
pairs, and we select the minimum value of R(j) =√
(M(i)−M(j))2 + (M(i′)−M(j))2 as the optimized
one, where i denotes pπ0, Λγ and Λπ0, i′ is p¯π0, Λ¯γ
and Λ¯π0, j means Σ+, Σ0 and Ξ0, M(i) and M(i′) are
the invariant mass of i and i′, M(j) is the known mass
of j [14].
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FIG. 2: Invariant mass of pπ− versus p¯π+ distributions for
ΛΛ¯π+π− [(a), (a’) and (a”)], ΛΛ¯π0 [(b), (b’) and (b”)], ΛΛ¯η
[(c), (c’) and (c”)]. The rectangle regions indicate signal re-
gions. The figures on the left (middle, right) side: data at√
s = 3.773 [4.009, continuum (3.543, 3.554, 3.561, 3.600 and
3.650)] GeV.
For every final state, the invariant mass distributions
of the reconstructed intermediate states have the signal
range determined from Monte Carlo studies: Λ (1.107 ≤
M(pπ−) ≤ 1.124 GeV/c2), π0 (115 ≤ M(γγ) ≤ 150
MeV/c2), η (515 ≤M(γγ) ≤ 569 MeV/c2), Σ+ (1.164 ≤
M(pγγ) ≤ 1.206 GeV/c2), Σ0 (1.178 ≤ M(pπ−γ) ≤
1.205 GeV/c2), Ξ− (1.305 ≤ M(pπ−π−) ≤ 1.337
GeV/c2), Ξ0 (1.281 ≤ M(pπ−γγ) ≤ 1.330 GeV/c2). For
Ξ0Ξ¯0, the selection of π0 has a looser requirement of
110 ≤ M(γγ) ≤ 150 MeV/c2 due to the clean signal.
With regard to any of the unstable particles, the signal
range is about 3σ around the known mass of the parti-
cle, and the sideband range (not shown) is approximately
from 5σ to 8σ at each side of the particle, where σ is the
resolution determined by Monte Carlo simulation. In Fig.
1, the invariant mass distributions are shown for each re-
constructed intermediate state, for which the events pass
all the above selections.
For each mode studied, the signal selection region in
the two dimensional scatter plot is determined by Monte
Carlo simulation. In Figs. 2 and 3, the two dimensional
scatter plots are shown for each mode. The rectangle
regions are the signal regions. For final states of ΛΛ¯π0
and ΛΛ¯η, the plots show the distributions by requiring
π0 and η to be in the signal range. To determine sig-
nal yields, the sideband events from π0 and η must be
removed. We first extract the number of events in one
particle signal range with the requirement that the other
particle falls in its signal and sideband range, defined to
be ’signal’ and ’sideband’, respectively, and then obtain
the observed events Nobs after removing the normalized
’sideband’ events from ’signal’.
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FIG. 3: Invariant mass of pγγ, pπ−γ, pπ−π− or pπ−γγ
versus p¯γγ, p¯π+γ, p¯π+π+ or p¯π+γγ distributions for Σ+Σ¯−
[(d), (d’) and (d”)], Σ0Σ¯0 [(e), (e’) and (e”)], Ξ−Ξ¯+ [(f), (f’)
and (f”)], Ξ0Ξ¯0 [(g), (g’) and (g”)]. The rectangle regions
indicate signal regions. The figures on the left (middle, right)
side: data at
√
s = 3.773 [4.009, continuum (3.543, 3.554,
3.561, 3.600 and 3.650)] GeV.
IV. BACKGROUND ESTIMATION
Our foremost observable is the background-subtracted
number of the baryonic events inferred to be directly
from ψ(3770) and ψ(4040) decays, NSψ(3770)→f and
NSψ(4040)→f . For the data taken at the center-of-mass
energy of 3.773 GeV, the background contributions to
the baryonic final states come from continuum pro-
duction e+e− → qq¯ → f , Nfqq¯(3.773), the initial
state radiative returns to ψ(3686) and J/ψ production
e+e− → γISRψ(3686) (J/ψ) → f , Nfγψ(3686)(3.773)
(NfγJ/ψ(3.773)), and the misidentified ψ(3770) direct de-
6cays mainly containing DD¯ production, Nf
DD¯
(3.773).
For the data taken at the center-of-mass energy of 4.009
GeV, the background contributions to the baryonic final
states come from continuum production e+e− → qq¯ → f ,
Nfqq¯(4.009), the initial state radiative returns to ψ(3770),
ψ(3686) and J/ψ production e+e− → γISRψ(3770)
(ψ(3686), J/ψ) → f , NfISR(4.009), and the misidenti-
fied ψ(4040) direct decays containing open charm (DD),
hadronic (hadrons) and radiative (gammaXYZ) produc-
tion, NfDHG(4.009).
Based on the Monte Carlo samples of e+e− →
γISRJ/ψ, γISRψ(3686), and e+e− → ψ(3770) →
DD¯ generated at the center-of-mass energy 3.773 GeV,
the backgrounds of Nfγψ(3686)(3.773), N
f
γJ/ψ(3.773) and
Nf
DD¯
(3.773) were studied by employing the similar anal-
ysis strategy as described previously. Thus this part of
background, NfB(3.773), is given by
NfB(3.773) = fγψ(3686) ×Nfγψ(3686)(3.773)
+ fγJ/ψ ×NfγJ/ψ(3.773)
+ fDD¯ ×NfDD¯(3.773),
(1)
where fγψ(3686) = fγJ/ψ = 1/1.5 and fDD¯ = 1/5.0 are
the scale factors for the Monte Carlo samples. The results
of NfB(3.773) are listed in Table I.
Using the Monte Carlo samples of e+e− → γISRJ/ψ,
γISRψ(3686), γISRψ(3770), and e+e− → ψ(4040) →
DD, hadrons, gammaXYZ generated at the center-of-
mass energy 4.009 GeV, the backgrounds of NfISR(4.009)
and NfDHG(4.009) are studied by employing the similar
analysis strategy as described previously. Thus this part
of background, NfB(4.009), is given by
NfB(4.009) = fISR ×NfISR(4.009)
+ fDHG ×NfDHG(4.009)
(2)
where fISR = fDHG = 1/2.1 are the scale factors for
the Monte Carlo samples. The results of NfB(4.009) are
listed in Table II.
To estimate the largest background at center-of-mass
energies of 3.773 and 4.009 GeV, the continuum produc-
tion e+e− → γ∗ → qq¯ → f , Nfqq¯(3.773) and Nfqq¯(4.009),
the data taken at center-of-mass energies of 3.542, 3.554,
3.561, 3.600 and 3.650 GeV, which have small contami-
nations from the ψ(3686) lower end intrinsic tail decays
as well as of radiative returns to J/ψ decays, is used.
Hence Nfqq¯(3.773/4.009) is obtained by
Nfqq¯(3.773/4.009) = f
3.773/4.009
co ×Nfqq¯(3.650)
= f3.773/4.009co × [Nfobs(3.650)
−NfB(3.650)]
= f3.773/4.009co × [Nfobs(3.650)
−Nfψ(3686)(3.650)−NfγJ/ψ(3.650)],
(3)
where Nfobs(3.650) is the observed number of baryonic fi-
nal state events in the continuum data taken at center-of-
mass energies of 3.542, 3.554, 3.561, 3.600 and 3.650 GeV,
from which we scale the events from the first four energy
points to the energy point of 3.650 GeV by considering
the different efficiency and the assumed 1/s dependence
of the cross section, Nfψ(3686)(3.650) and N
f
γJ/ψ(3.650)
are the number of baryonic final state events from
ψ(3686) and J/ψ decays, respectively. NfγJ/ψ(3.650) is
obtained in the same way as previously described but at
the center-of-mass energy of 3.650 GeV. Nfψ(3686)(3.650)
is given by Nfψ(3686)(3.650) = σ
3.650
ψ(3686) × L × ǫ3.650ψ(3686)→f ,
where σ3.650ψ(3686) is the cross section for ψ(3686) produc-
tion at the center-of-mass energy of 3.650 GeV [2], and
ǫ3.650ψ(3686)→f is the baryonic final state event selection effi-
ciency of events from ψ(3686)→ f at the center-of-mass
energy of 3.650 GeV, determined by Monte Carlo simula-
tion. The scaling factor, f
3.773/4.009
co , is mode dependent
and determined by the integrated luminosities of the two
data sets corrected for an assumed 1/s dependence of the
cross section, and accounts for the small difference in effi-
ciency between the ψ(3770)/ψ(4040) data and continuum
data. The uncertainty of f
3.773/4.009
co , about 2.0%-3.0%,
arises from the uncertainties in relative luminosity and
detection efficiencies at the two energy points. The re-
sults of Nfobs(3.650), N
f
B(3.650) and f
3.773/4.009
co are also
listed in Table I and Table II.
V. RESULTS
We assume that there is no interference between
continuum production and the ψ(3770)/ψ(4040) reso-
nance decay to the same baryonic final state. To ob-
tain the number of baryonic final state events from
ψ(3770)/ψ(4040) direct decays, NSψ(3770)/ψ(4040)→f , we
define NSψ(3770)/ψ(4040)→f as
NSψ(3770)/ψ(4040)→f = N
f
obs(3.773/4.009)
−NfB(3.773/4.009)
−Nfqq¯(3.773/4.009),
(4)
where Nfobs(3.773/4.009) is the observed number of
baryonic final state events in the ψ(3770)/ψ(4040)
7TABLE I: For each mode f the following quantities are given: the number of observed events, Nfobs(3.773), and background
events, NfB(3.773), containing N
f
γψ(3686)(3.773), N
f
γJ/ψ(3.773) and N
f
DD¯
(3.773) in ψ(3770) data; the number of observed events,
N
f
obs(3.650), and background events, N
f
B(3.650), containing N
f
ψ(3686)(3.650) and N
f
γJ/ψ(3.650) in continuum data; the scale
factor f3.773co ; the number of events attributable to ψ(3770) decay, N
S
ψ(3770)→f , computed according to Eq. (4); the upper limits
on the number of events for ψ(3770) baryonic decays including the systematic error (90% C.L.), Nup
ψ(3770)→f
; the detection
efficiency ǫ; the relative systematic error coming from the uncertainty in luminosity, intermediate state branching fractions,
Monte Carlo statistics and the total number of ψ(3770) decays, ∆sys; the branching fraction Bψ(3770)→f ; and the branching
fraction upper limits for ψ(3770) decays including the systematic errors (90% C.L.), Bup.
Mode Nf
obs
(3.773) Nf
B
(3.773) Nf
obs
(3.650) Nf
B
(3.650) f3.773co N
S
ψ(3770)→f N
up
ψ(3770)→f
ǫ ∆sys Bψ(3770)→f B
up
f [×10−4] [×10−4]
ΛΛ¯π+π− 844.0± 33.6 5.2 14.2+5.6
−4.2 0.1 45.27 200.6
+193.1
−255.7 ± 42.0 481.2 0.1321 8.0 1.80
+1.74
−2.30 ± 0.40 < 4.7
ΛΛ¯π0 124.9± 14.4 3.4 7.1+5.0
−2.2 0.0 42.50 −180.3
+94.6
−213.0 ± 16.2 83.6 0.1694 8.0 −1.28
+0.67
−1.51 ± 0.15 < 0.7
ΛΛ¯η 74.0± 9.5 0.9 3.0+3.6
−1.6 0.0 44.76 −61.2
+72.2
−161.4 ± 7.9 87.7 0.1518 8.1 −1.22
+1.44
−3.21 ± 0.19 < 1.9
Σ+Σ¯− 100.5± 11.9 0.7 3.3+4.3
−1.7 0.1 38.27 −22.7
+66.1
−165.0 ± 5.1 96.0 0.1975 8.0 −0.21
+0.63
−1.56 ± 0.05 < 1.0
Σ0Σ¯0 43.5± 6.7 0.0 0.0+2.2
−0.0 0.0 38.69 43.5
+6.7
−85.4 ± 5.8 56.6 0.1752 8.0 0.30
+0.05
−0.58 ± 0.05 < 0.4
Ξ−Ξ¯+ 48.5± 7.0 0.0 0.5+2.8
−1.4 0.0 41.74 27.6
+58.9
−117.1 ± 3.7 119.7 0.1060 8.1 0.31
+0.66
−1.32 ± 0.05 < 1.5
Ξ0Ξ¯0 43.5± 6.6 1.3 2.0+3.2
−1.2 0.0 40.13 −38.1
+48.6
−128.6 ± 5.6 60.7 0.0581 8.2 −0.80
+1.03
−2.72 ± 0.14 < 1.4
TABLE II: For each mode f the following quantities are given: the number of observed events, Nfobs(4.009), and background
events, NfB(4.009), containing N
f
ISR(4.009), N
f
DHG(4.009) in ψ(4040) data; the number of observed events, N
f
obs(3.650), and
background events, NfB(3.650), containing N
f
ψ(3686)
(3.650) and Nf
γJ/ψ
(3.650) in continuum data; the scale factor f4.009co ; the
number of events attributable to ψ(4040) decay, NSψ(4040)→f , computed according to Eq. (4); the upper limits on the number of
events for ψ(4040) baryonic decays including the systematic error (90% C.L.), Nupψ(4040)→f ; the detection efficiency ǫ; the relative
systematic error coming from the uncertainty in luminosity, intermediate state branching fractions, Monte Carlo statistics and
the number of ψ(4040) decays, ∆sys; the branching fraction Bψ(4040)→f ; and the branching fraction upper limits for ψ(4040)
decays including the systematic errors (90% C.L.), Bup.
Mode Nf
obs
(4.009) Nf
B
(4.009) Nf
obs
(3.650) Nf
B
(3.650) f4.009co N
S
ψ(4040)→f N
up
ψ(4040)→f
ǫ ∆sys Bψ(4040)→f B
up
f [×10−4] [×10−4]
ΛΛ¯π+π− 79.2± 10.0 20.0 14.2+5.6
−4.2 0.1 7.69 −49.2
+33.8
−44.2 ± 9.8 35.6 0.1492 9.9 −3.57
+2.45
−3.21 ± 0.79 < 2.9
ΛΛ¯π0 14.5+4.1
−4.3 0.5 7.1
+5.0
−2.2 0.0 6.80 −34.3
+15.5
−34.3 ± 3.0 12.6 0.1753 9.9 −2.14
+0.97
−2.14 ± 0.28 < 0.9
ΛΛ¯η 16.0+4.2
−4.3 3.6 3.0
+3.6
−1.6 0.0 7.38 −9.8
+12.5
−26.9 ± 3.3 16.2 0.1674 9.9 −1.60
+2.06
−4.43 ± 0.57 < 3.0
Σ+Σ¯− 8.5+3.0
−3.2 0.2 3.3
+4.3
−1.7 0.1 4.92 −7.5
+8.9
−21.4 ± 1.5 11.0 0.1704 9.9 −0.74
+0.89
−2.14 ± 0.17 < 1.3
Σ0Σ¯0 4.0+3.2
−1.9 0.0 0.0
+2.2
−0.0 0.0 5.03 4.0
+3.2
−11.2 ± 0.5 8.9 0.1537 9.9 0.28
+0.23
−0.79 ± 0.04 < 0.7
Ξ−Ξ¯+ 1.0+2.2
−0.8 0.0 0.5
+2.8
−1.4 0.0 5.61 −1.8
+8.2
−15.7 ± 0.3 12.5 0.0941 9.9 −0.21
+0.94
−1.81 ± 0.04 < 1.6
Ξ0Ξ¯0 1.0+2.2
−0.8 0.0 2.0
+3.2
−1.2 0.0 5.36 −9.7
+6.8
−17.2 ± 1.3 7.0 0.0490 10.0 −2.22
+1.55
−3.93 ± 0.37 < 1.8
data taken at the center-of-mass energy of 3.773/4.009
GeV. Since no statistically significant extra signal is
observed, 90% C.L. upper limits on the number of
events for ψ(3770)/ψ(4040) baryonic decays are com-
puted with systematic errors included for each mode,
Nupψ(3770)/ψ(4040)→f , by assuming that they follow a Gaus-
sian distribution and considering only physical (posi-
tive) values. The relative systematic errors related to
NSψ(3770)/ψ(4040)→f include the independent and common
systematic errors. The independent systematic errors de-
pend on energy points and consist of uncertainty in back-
ground subtraction (0.0%-20.2%) and uncertainty in in-
variant mass spectrum fit (0.0%-5.1%). The common
systematic errors do not depend on the energy point
and include the uncertainty in invariant mass require-
ment for unstable particles (0.8%-3.4%) and also the de-
tector performance related quantities: charged particle
tracking (1.0% per track), photon selection (1.0% per
photon), π/p/p¯ identification (1.0%/1.0%/2.0%), vertex
and secondary vertex fit (1.0% each) and kinematic fit
(1.0%-2.0%). Some of the modes have tiny component
resonant submodes, however, the efficiencies do not dif-
fer by much. Monte Carlo samples are generated with
a phase space model, and the difference of the efficien-
cies with and without intermediate states is taken as the
systematic error (0.3%). Another systematic error for
baryon pairs comes from the angular distribution, which
is described by 1 + αcos2θ, with θ being the polar an-
gle. Monte Carlo samples are generated for α = 0 and
α = 1, and the difference of efficiency between α = 0
and α = 1 is taken as the systematic error (9.2%-10.9%).
The results of Nfobs(3.773/4.009), N
S
ψ(3770)/ψ(4040)→f and
Nupψ(3770)/ψ(4040)→f are also shown in Tables I and II.
The number of baryonic final state events from
ψ(3770)/ψ(4040) decays, NSψ(3770)/ψ(4040)→f is corrected
8by the detection efficiency, ǫ and the related branching
fractions for the intermediate state decays, Bf , and nor-
malized to the total number of the ψ(3770)/ψ(4040) de-
cays to obtain the branching fraction.
Bψ(3770)/ψ(4040)→f =
NSψ(3770)/ψ(4040)→f
ǫ×Bf ×Nψ(3770)/ψ(4040)
, (5)
The upper limit on the branching fraction can be ob-
tained by
Bup =
Nupψ(3770)/ψ(4040)→f
ǫ×Bf ×Nψ(3770)/ψ(4040) × (1 −∆sys)
, (6)
where the detection efficiency for ψ(3770)/ψ(4040) bary-
onic decays, ǫ is estimated by using the Monte Carlo
simulation of the BESIII detector based on the KKMC
[20] and BesEvtGen [21] generators. The detection effi-
ciencies in Tables I and II do not include the branch-
ing fractions for intermediate state decays. Bf is
the branching fraction [14] for the intermediate state
decays for each mode. Nψ(3770)/ψ(4040) is the num-
ber of ψ(3770)/ψ(4040) decays and is determined by
Nψ(3770)/ψ(4040) = σ
Born−level
ψ(3770)/ψ(4040) × Lψ(3770)/ψ(4040) ×
(1 + δ)ISR, where σ
Born−level
ψ(3770)/ψ(4040) = (9.93± 0.77)/(6.2±
0.6) nb is the Born-level cross section of ψ(3770)/ψ(4040)
at
√
s = 3.773 and 4.009 GeV obtained by the relativistic
Breit-Wigner formula with the ψ(3770) and ψ(4040) res-
onance parameters [14]; Lψ(3770)/ψ(4040) is the integrated
luminosity for ψ(3770)/ψ(4040) data and (1 + δ)ISR =
0.718/0.757 is the radiative correction factor, obtained
from the KKMC [20] generator with the ψ(3770) and
ψ(4040) resonance parameters [14] input. ∆sys is the
relative systematic error only involving the uncertainty
in the integrated luminosity (1.1%), the intermediate
state branching fractions (0.8%-1.2%), the Monte Carlo
statistics (0.9%-2.0%) and a common uncertainty of
7.8%/9.7% due to the number of ψ(3770)/ψ(4040) de-
cays arising from the uncertainty in ψ(3770)/ψ(4040)
resonance parameters. We give the branching fractions
Bψ(3770)/ψ(4040)→f and the upper limits on branching
fractions Bup of ψ(3770)/ψ(4040) baryonic decays for
each mode in Tables I and II. Since the available contin-
uum data is limited, the dominant error on each of the
seven branching fractions is from the continuum subtrac-
tion.
VI. SUMMARY
In summary, using 2.9 fb−1 of data taken at
√
s =
3.773 GeV, 482 pb−1 of data taken at
√
s = 4.009
GeV, 23 pb−1 of data taken at
√
s = 3.542, 3.554,
3.561 and 3.600 GeV and 44 pb−1 of data taken at√
s = 3.650 GeV collected with the BESIII detector at
the BEPCII collider, searches for seven baryonic decays
of ψ(3770) and ψ(4040) are presented; most are the first
searches. The upper limits on the branching fractions
for ψ(3770) and ψ(4040) baryonic decays are set at the
90% C.L.. The sum of the seven branching fractions are
(−1.11+2.72
−5.46±0.72)×10−4 and (−1.02+0.39−0.76±0.15)×10−3,
and the corresponding upper limits at the 90% C.L. are
4.0×10−4 and 3.1×10−4 for the seven baryonic decays of
ψ(3770) and ψ(4040), respectively. Although this study,
together with previous studies on searching for exclusive
non-DD¯, provide useful information for understanding
the nature of ψ(3770), the large non-DD¯ component still
remains a puzzle. A fine energy scan over ψ(3770) and
ψ(4040) resonances would be very helpful for obtaining
the lineshape of exclusive non-DD¯ processes, and help
determine whether the processes exist or not.
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